Endoscopic mucosal resection of gastric neoplasms is a curative technique that avoids surgery and its potential complications. Infrequently performed in the West, the limitations, pitfalls and challenges provided by this new therapeutic modality are not well known by general surgical pathologists. We evaluated a series of 39 endoscopic mucosal resections and assessed the correlation between original biopsies and final diagnoses, depth of excision, status of deep and lateral margins, artifactual changes and recurrence rate. The tumors consisted of 24 intramucosal carcinomas, six high-grade dysplasias, eight low-grade dysplasias and one submucosal invasive carcinoma. The preresection diagnoses corresponded to the final evaluation in 63% of the cases with previous biopsies. In 37% of the cases, the biopsies under-diagnosed the neoplasia. The rate of positive margins was 38%. Iatrogenic changes, that is, intramucosal hemorrhage and electrodiathermic burn, were noted in 44% of the cases but hindered the pathologic evaluation in only 10% of the cases. Persistence or recurrence was observed in only seven cases and there was no progression to advanced adenocarcinoma. Based on our experience, we offer some recommendations in order to provide optimal pathologic analysis of endoscopic mucosal resection specimens.
Independent of the global reduction in the incidence of gastric cancer, the increase in the use of upper endoscopy and better access to medical care have led to a decrease in the size and depth of invasion of gastric cancers. Nowadays, early gastric cancers, that is, adenocarcinomas with invasion limited to the lamina propria or submucosa, independent of lymph node status, represent about 50 and 20% of all newly diagnosed gastric cancers in Japan and in the West, respectively. [1] [2] [3] [4] [5] Large retrospective series have demonstrated that early gastric cancers have a low risk of lymph node metastasis. For example, intramucosal early gastric cancers presenting with a triad of endoscopic findings including protruding or flat appearance, with nonulcerated surface, and measuring less than 3 cm rarely show lymphatic extension. 6 The recognition of these risk factors and the amenability of better endoscopic equipments and techniques, including endoscopic ultrasound have resulted in the acceptance of endoscopic mucosal resection as a suitable modality for the treatment of early gastric cancers meeting favorable criteria. Pioneered in Japan in the 1980s, endoscopic mucosal resection is now a routine technique available in most large Japanese medical centers where it is the therapy of choice for 70% of early gastric cancers. 7, 8 The current guidelines recommend this type of resection for intestinal-type gastric cancers measuring less than 2 cm and with negative lymph nodes. 9 Under these guidelines, this technique provides outstanding long-term survival. In a review of 1832 cases reported in 12 series with appropriate follow-up, the survival rate was 99%, with only one death related to metastatic cancer. 10 In addition, endoscopic mucosal resection is rarely associated with severe complications. Bleeding is reported in about 1.4% and perforation from 0.5 up to 2.4% of the resections, respectively. In addition, it offers a superior quality of life compared to gastrectomy. 7, 10, 11 In the West, endoscopic mucosal resection of gastrointestinal neoplasms is experiencing a slower development. Several series have reported the experience of few centers with regard to the management of esophageal, rectal and gastric neoplasms. [12] [13] [14] However, considering the risks of gastrectomy (or of esophagectomy and colectomy, for that matter) and its potential negative effect on the quality of life, and given the efficacy of endoscopic mucosal resection for well-selected lesions, it is only a matter of time for Western pathologists to be confronted more routinely with specimens acquired through this technique. Curiously, although the histopathological evaluation of the specimens is crucial since deviation from accepted criteria would determine whether additional surgery is warranted, we are not aware of any series that has focused on the interpretative aspects of gastric endoscopic mucosal resections. Beyond the informative aspect of reviewing this relatively new technique and its indications, our goal in analyzing a series of endoscopic mucosal resections performed for gastric epithelial neoplasms, was to evaluate the specimens from the pathologist's perspective. By focusing on a series of morphologic features that should be analyzed and reported in order to evaluate these resections optimally, we attempted to recognize potential technical pitfalls and to present practical recommendations using the experience of large series as well as ours.
Materials and methods
In all, 39 gastric endoscopic mucosal resections performed in three institutions (Saitama Medical School and its affiliated hospitals, Massachusetts General Hospital) over a period of 7 years (1993-2002) , and processed according to the protocol described below, were included in this series. The areas to be resected were identified either by magnification endoscopy (seven cases) or chromoendoscopy (32 cases). The 32 patients, 17 males and 15 females, had a median age of 72.5 years (range: 55-94). One patient had three lesions and five patients had two lesions. Four lesions (10%) were located in the upper one-third of the stomach, 18 lesions (46%) were from the middle stomach and 17 (44%) of the cases were from the distal stomach. The macroscopic appearance of all lesions was classified as type I (protruded), II (superficial) and III (excavated) according to the classification of the Japanese gastric cancer association (Table 1) . 15 Most were of type IIa (Figure 1a) . The endoscopic size of the lesions varied from 3 to 40 mm (mean: 12.6 mm). In 35 cases, the previous preoperative biopsies were available. In 14 of the cases (36%), an endoscopic ultrasound had been performed preoperatively. The preresection endoscopic ultrasound staging concluded that 10 lesions were limited to the mucosa ( Figure 1b ) and four extended into the submucosa.
Following a standardized method, after endoscopic evaluation of the size and confines of the lesions, epinephrine and saline (usually 6-15 ml) were injected directly into the submucosa in order to lift the lesions and the surrounding mucosa from the muscularis propria. Then, the abnormal mucosa was grasped by forceps and the resection using coagulation current was performed either with a cap-fitted endoscope into which the lesions would be sucked into while a snare was looped around or the regular snare technique (Figure 1c,d) .
Upon reception into the pathology laboratories, all specimens were stretched, pinned down on a firm base and fixed for at least 24 h in formaldehyde (Figure 1e ). After fixation, the specimens were inked and serially sectioned at 2 mm interval parallel to the longer axis. The sections were sequentially submitted in one or two cassettes, routinely processed and stained with hematoxylin and eosin ( Figure 2 ). The lesions were classified according to recently reviewed criteria of gastric epithelial dysplasia and carcinoma. 16 The cases classified as low-grade dysplasia showed limited architectural abnormality with elongated and hyperchromatic nuclei. Nuclear crowding and pseudo-stratification could be seen, but most nuclei remained confined to the basal aspect of the cells. High-grade dysplasia was characterized by more pronounced architectural abnormalities with branching and budding. The nuclei may be vesicular with prominent nucleoli, irregular chromatin and thickened nuclear membrane. Partial or total loss of polarity, as well as high nuclear to cytoplasmic ratio, was frequent. Mitoses were often numerous. The diagnosis of intramucosal carcinoma was made when, in addition to severe cytologic features, evidence of glandular complexity such as, back-to-back glands, syncytial growth pattern, abortive microglands and small clusters of cells could be observed. Invasive carcinoma was diagnosed when a clearly infiltrating growth pattern with desmoplastic stroma was seen. The completeness of resection was evaluated according to criteria previously put forth. 17, 18 A resection was qualified as complete when all margins including deep and lateral were negative ( Figure 3a ). In addition, the size of the negative margins (clearance) was recorded. A resection was deemed incomplete if the tumor was present either at the inked deep interface Figure 1 Technical aspects of endoscopic mucosal resection. This type I, polypoid, adenocarcinoma with focal mucosal ulceration (a), appears confined to the mucosal layer on endoscopic ultrasound evaluation (b). (The lesion is represented by a broadbased dome-shaped lesion in the lower aspect of the illustration.) After formation of a submucosal bulla by injection of saline and epinephrine, the lesion is lifted with grasping forceps and a snare is looped around the lesion (c and d). After, strangulation of the mucosa, application of electrocautery and resection, the specimen is stretched and pinned on a piece of cork (e). After resection, a large, nonbleeding ulcer is observed on the gastric wall (f). or peripheral margin(s) (Figure 3b) . Importantly, the initial and last en-face slices were to be negative. When the tumor was only present on the en-face sections, the endoscopic mucosal resections were recorded as having an indefinite marginal status since in such cases, the margin could be either positive or with a narrow clearance that could not be evaluated (Figure 3c) . A specimen was labeled not evaluable when marked artifacts, either burning or fragmentation beyond possible reconstruction, excluded the assessment of the margins. Finally, we also evaluated the presence of changes that could be attributed to the pre-endoscopic mucosal resection biopsies and more importantly the artifacts secondary to endoscopic mucosal resection and their implications with regard to the evaluation of the specimens.
Results
The 39 lesions were endoscopically deemed to be completely resected in 22 cases and incompletely in three cases (this information was not recorded by the endoscopists in 14 cases) (Figure 1a ). In total, 21 cases were resected en-bloc (54%). In all, 18 cases were resected in a piece-meal manner. Nine were resected in two fragments, seven in three fragments, one in four fragments and the largest lesion (40 mm) in 10 fragments.
The resections reached the submucosa in 90% of the cases (N ¼ 35) (Figure 4 ) and only the muscularis mucosa in four cases (10%). No complication, that is, hemorrhage or perforation was recorded. The final pathological diagnosis count included: 24 well-differentiated intramucosal carcinomas with invasion limited to the lamina propria (62%); six high-grade dysplasias (15%); eight low-grade dysplasias (20%); one case of invasive carcinoma into the submucosa (3%). Preresection biopsy-related changes were observed in five cases (13%) consisting of focal superficial ulcerations and acute inflammation.
The preresection diagnoses corresponded to the final evaluation in 63% of the 35 cases with a previous biopsy available. In 37% of the cases, the biopsy diagnosis under-reported the grade of the neoplasms. The biopsy diagnoses of low-grade dysplasia were confirmed in only eight of 13 cases (61.5%) with the final resection diagnoses upgraded either to high-grade dysplasia (n ¼ 4) or intramucosal carcinoma (n ¼ 1). The original diagnosis of highgrade dysplasia was confirmed in most (seven of nine; 78%), while it was upgraded to intramucosal carcinoma in two instances (22%). Of the 13 original diagnoses of well-differentiated intramucosal carcinoma 12 were confirmed, with only one case upgraded to invasive (submucosal) carcinoma. The preresection endoscopic ultrasound staging was available in 14 cases. In nine cases (64%), the endoscopic ultrasound correctly diagnosed an intramucosal neoplasm while it overdiagnosed four cases (submucosal for mucosal invasion) and underdiagnosed only one case (mucosal disease for final submucosal invasion).
Artifacts secondary to endoscopic mucosal resections included intramucosal hemorrhage and electrodiathermic burns. Both were observed in 17 of the cases (44%). In most cases the changes were focal and did not hinder the pathologic interpretation. However, these changes were marked and obscured the histologic evaluation including the marginal status in four cases (10%) (Figure 5a,b) .
On routine evaluation, one lateral margin or deep margin was positive in 20 of 37 cases (54%). In one case, the margins could not be evaluated because of the large number of fragments and there was one case with indefinite marginal status. However, after comparison of the endoscopic and specimen pictures, review of the endoscopists'notes and reconstruction of specimens, the rate of positive margins fell to 46% (17 cases). In all, 14 cases had one positive lateral margin and one single case had a deep positive margin. Two cases had simultaneously positive deep and lateral margins. The average lateral clearance of the cases with negative margins measured 2 mm (range: 0.5-5 mm), while the average deep clearance measured 0.97 mm (0.5-3 mm). Among the cases with available follow-up, five of the 13 cases (38.5%) with a positive lateral margin recurred while only one of the 20 cases (5%) with negative lateral margins had confirmed histologic recurrence. Among the cases with positive lateral margins, the rate of recurrence was 50% when the positive margin was present on several sections vs 33% when only one section was involved. Followup was available in only one of the two cases with positive deep and lateral margins ( Table 2) . Argon plasma coagulation was used in addition to endoscopic mucosal resection in five cases, including two with positive lateral and one with a sole positive deep margin. No evidence of recurrence was noted within 35 months after coagulation. Figure 4 Low magnification of a well-differentiated adenocarcinoma limited to the lamina propria (intramucosal adenocarcinoma). Note that the endoscopic mucosal resection reached the submucosa.
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Endoscopic follow-up with biopsies was not available in seven cases and shorter than a month in two cases (7 and 16 days respectively). In 23 cases, follow-up endoscopic examinations (at 1-35 months; mean 12.9) with biopsy revealed no recurrent disease. This was also the case for the two cases with follow-up biopsies at 7 and 16 days. Seven cases (18%) had confirmed histologic persistence or recurrence of disease between 2 and 82 months postendoscopic mucosal resection (mean: 17.6 months) ( Table 2 ). In no case, was there evidence of advanced adenocarcinoma or metastatic disease.
Discussion
At the difference of other endoscopic therapies such as photodynamic and laser therapy, endoscopic mucosal resection is the only endoscopic therapeutic modality providing resected specimens available for pathologic evaluation. In addition, since endoscopic mucosal resections are performed with a curative intent, they should be handled and reported as surgical specimens and therefore, the role of the surgical pathologist is crucial. Appropriate reporting is essential since additional therapeutic options including extension of mucosal resections during a second endoscopic session or recourse to more invasive therapy, that is, surgery, will be directly decided upon the microscopic evaluation of the specimens.
Our intent was not to validate the therapeutic efficacy of endoscopic mucosal resections. Larger studies have reported an overall recurrence rate of about 10% (0% when resection is complete and 35.3% when the resection was incomplete). 7 However, our small series with only a few examples of persistent or recurrent disease and no progression to advance adenocarcinoma confirm the validity of endoscopic mucosal resection as an efficient therapeutic option when the indications are strictly chosen. 9 Severe complications following this endoscopic technique are rare. Tada et al 8 reported a rate of 1.6% for bleeding and 0.06% for perforation; however, a recent series quoted a perforation rate of 5%, the difference possibly related to the treatment of larger lesions. 17 Nevertheless, endoscopic mucosal resection should be encouraged in the management of patients who would be at risk for conventional surgery.
The current guidelines for endoscopic mucosal resection of gastric neoplasms include the treatment of well-differentiated mucosal neoplasms of the intestinal type, measuring less than 2 cm and with no lymph node involvement. 9 However, some have reported that early gastric cancers with slight invasion into the submucosa measuring less than 5 mm horizontally were often lymph node negative and therefore could benefit from this modality. 19 Finally, other investigators advocate even less LGD, low-grade dysplasia; HGD, high-grade dysplasia; IMC, intramucosal carcinoma; mo, months; EMR, endoscopic mucosal resection; NA, not available; PDT, photodynamic therapy. stringent indications and have reported relative success in well-differentiated intramucosal cancers less than 30 mm in size, nonulcerated submucosal cancers measuring less than 20 mm and even poorly differentiated intramucosal carcinomas less than 10 mm in size. 20, 21 In our own series the median size of the neoplasms (12.6 mm) fell within the recommended range and still did not preclude the occurrence of recurrence in seven (18%) of the cases. Needless to say that given the importance of the proper selection of patients, the pathologic details of the lesions should be under scrutiny. For example, although the determination of size, depth of invasion and lymph node metastasis is critical for the initial selection of patients, it is important to note that endoscopic ultrasound is flawed with significant limitations. The reported accuracy of endoscopic ultrasound in assessing the depth of infiltration of early gastric cancers is between 67 and 72%. 22, 23 It was 64% in our own series. It is more accurate for elevated and differentiated neoplasms than depressed and undifferentiated early gastric cancers. 22 Overall, our results are similar to the series of Yanai et al 23 that reported overstaging in about 19% of the cases, understaging in 2% and indeterminate assessment in 6.5% of the cases. These data clearly underline the importance of obtaining an intact specimen if possible and of a meticulous pathologic staging.
Endoscopic mucosal resections have three functions, namely, (a) diagnostic, (b) potentially therapeutic and (c) guidance with regard to determination of further treatment. If the preoperative assessment of the size is confirmed by the pathologic evaluation, four additional pathologic features are critical in the assessment of endoscopic mucosal resection specimens. These are the degree of differentiation, the depth of invasion, the status of the margins (lateral, deep and en-face) as well as clearance of the excision. The status of vascular invasion should also be reported, especially in the cases with submucosal extension. The diagnostic role of endoscopic mucosal resection should not be underestimated. In our series, the original biopsies of these mostly polypoid lesions under-reported the final diagnoses in 37% of the cases. It is an important shortcoming since the diagnosis of a low-grade dysplasia may lead to the adoption of less stringent follow-up guidelines and leave unchecked lesions with a potential for rapid progression to advanced gastric cancer. 16, 24 It should also be emphasized that endoscopic mucosal resections can be repeated. This is a significant technical advantage given the frequent multifocality of epithelial gastric neoplasms, reaching 19% in our own series.
Practically, endoscopic mucosal resection specimens should be stretched and mounted on a firm surface (ie, cork or wax block) before fixation. It is a cardinal step since it avoids curling of the specimens' edges during fixation and allows better slicing. Obtaining a picture of the stretched specimens is also encouraged, and most particularly when they are fragmented. It may facilitate the reconstruction of the specimens if needed as well as correlation with unexpected findings such as an unpredicted positive margin(s). After fixation, serial sectioning allows optimal determination of the differentiation, depth of invasion, vascular involvement and status of the lateral margins with clearance. The assessment of the clearance is important. In one series, none of the patients with a minimal clearance of 2 mm developed local recurrence but 16% of cases with less ample margin recurred. 25 When adenocarcinoma is present at the margin, recurrence is usually noted in 37-50% of the cases. 17, 25, 26 In our series, the only case with negative margins but recurrence presented with a deep margin clearance of less than 1 mm. Not only the presence of a positive margin but its extension (evaluated by the number of positive sections) is also important. In our series, the rate of recurrence in cases with positive lateral margin rose from 33 to 50% depending on whether one section or more were involved. As previously pointed out, the therapeutic effect of electrocautery may explain the lower rate of recurrence when the positive margin is limited to one section. 27 Piecemeal resections are usually difficult to stage accurately. The fragments may be too small for stretching and attempts to reconstruct the specimens may be challenging. In such circumstances, direct communication with the gastroenterologists is cardinal. The comparison of endoscopic pictures and notes with photographies of the specimens received in the laboratory is helpful. The application of different colored inks may also be useful in assessing the overall completeness, or lack thereof, of the resections. One should also keep in mind that artifactual fragmentation of the specimens (manipulation, transport) is not accompanied by electrocautery changes that indicated true mucosal margin. Obviously, the larger the number of fragments, the more difficult is the assessment of the completeness of excision. Technical artifacts such as hemorrhage and electrodiathermic burns (10% in our series) can be encountered and warrant to be mentioned in the final report if they limit the histologic interpretation. If significant discrepancies between endoscopic evaluation and pathological findings, such as unexpected positive margin(s) occur, the role of adjuvant treatment either endoscopic or surgical is usually considered. In our series, argon plasma coagulation, second endoscopic mucosal resection and photodynamic therapy have successfully been employed for the treatment of positive margins or recurrence.
We report herein our experience with a series of gastric endoscopic mucosal resections and submit recommendations for the evaluation of specimens (Table 3) based on simple technical steps that we have successfully followed. Given the increasing popularity of endoscopic mucosal resection, pathologists should become acquainted with the technical aspects and limitations of this simple therapeutic modality and be able to recognize the artifacts that may hinder the pathologic evaluation. The analysis of endoscopic mucosal resection specimens cannot be underestimated since it determines the necessity of additional therapy and inappropriate evaluation can lead to flawed postresection decisions and loss of the benefits of this relatively new therapeutic modality. 
